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The asymmetric unit of the title compound, Ci 2 H 13 BrN 4 OS, 
contains two independent molecules in which the dihedral 
angles between the triazole and benzene rings are 2.9 (3) and 
7.5 (3)°. The thione group is of the form i? 2 C=S. An 
intramolecular O— H- ■ N hydrogen bond occurs in each 
molecule. The crystal structure features weak N— H- ■ S 
interactions and tt-tc stacking of the benzene rings 
[centroid-centroid distance = 3.667 (3) A]. 

Related literature 

For the pharmacological activity of 1,2,4-triazole-substituted 
and Schiff base compounds, see: Isloor et al. (2009); Ma et al. 
(2011). For copper complexes containing 1,2,4-triazole Schiff 
base ligands, see: Wen et al. (2004). 




Triclinic, PI 
a = 8.042 (5) A 
b = 13.187 (8) A 
c = 13.408 (8) A 
a = 97.406 (9)° 
B = 92.956 (10)° 
y = 95.916 (9)° 

Data collection 

Bruker SMART IK CCD 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 2000) 
r mi „ = 0.458, r m „ = 0.578 

Refinement 

R[F 2 > 2a(F 2 )] = 0.043 

wR(F 2 ) = 0.102 

5 = 0.93 

4939 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1399.5 (15) A 3 
Z = 4 

Mo Ka radiation 
p = 3.08 mm -1 
T = 298 K 

0.30 x 0.25 x 0.20 mm 



14278 measured reflections 
4939 independent reflections 
3061 reflections with / > 2cr(7) 
R m . = 0.055 



347 parameters 

H-atom parameters constrained 
A/w = 0.49 e A" 3 
Ap mi „ = -0.55 e A~ 3 



D-H-A 


D-H 


H-A 


D-A 


D-H-A 


01-H1-N4 


0,82 


1.93 


2.644 (4) 


145 


02-H2- ■ N8 


0.82 


1.90 


2.612 (4) 


144 


Nl-HLA.-Sl' 


0.86 


2.46 


3.300 (4) 


164 


N5-H5---S2" 


0.86 


2.41 


3.252 (4) 


165 


Symmetry codes: (i) — x 


+ 1, -H 


- 1, — z; (ii) —x, — y H 


-1, -z. 





Experimental 

Crystal data 
C 12 H 13 BrN 4 OS 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997); software used to prepare material for 
publication: publCIF (Westrip, 2010). 
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IUCr electronic archives (Reference: JJ2128). 
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4-[(5-Bromo-2-hydroxybenzylidene)amino]-3-propyl-1H-1,2,4-triazole-5(4H)- 
thione 

Xin Wu, Cai-Xia Yuan, Ling Ma, Kai-Lu Zhai and Miao-Li Zhu 

Comment 

1,2,4-triazole and its derivatives possess a variety of pharmacological properties (Isloor et al, 2009). Schiff bases derived 
from substituted salicylaldehydes form numerous metal complexes (Wen et al, 2004). Also, copper complexes containing 
1,2,4-triazole Schiff base ligands are potential inhibitors of PTP1B (protein tyrosine phosphatase IB), TCPTP (T-cell 
protein tyrosine phosphatase), PTP-MEG2 (megakaryocyte protein tyrosine phosphatase) and SHP-1 (Src homology 
phosphatase 1) (Ma et al, 2011). In continuation of our work in this area, we report here the synthesis and crystal 
structure of the title compound, Ci 2 Hi 3 BrN 4 OS, (I). 

The title compound, (I), crystallizes with two independent molecules in the asymmetric unit (Fig. 1). The dihedral 
angles between the triazole and phenyl rings are 2.9 (3)° and 7.5 (3)°, respectively. The thione group is of the form 7?2C=S 
with a Cdb\S distance of 1.673 (4)A and 1.675 (4)A indicating significant double bond character. Intramolecular O — 
H---N hydrogen bonds, weak N — H-S intermolecular interactions (Table 1) and k—k stacking of the benzene rings 
[centroid-centroid distance = 3.667 (3) A] are observed that may influence crystal packing. 

Experimental 

0.5 mmol 5-Bromosalicylaldehyde in 10 ml of ethanol was added to a solution of 4-amino-5-propyl-l,2,4-triazole-3- 
thione (0.5 mmol) in 20 ml of ethanol, and then refluxed for 2 h. The resulting solution was filterd and recrystallized from 
ethanol. X-ray quality Yellow crystals of the title compound were formed upon slow evaporation of the resulting soluton. 

Refinement 

All of the H atoms were placed in their calculated positions and the refined using the riding model with C — H lengths of 
0.93A (CH), 0.97A (CH 2 ), 0.97 A (CH 3 ), 0.86 (NH) or 0.82A. The isotropoc displacement parameters for these atoms 
were set to 1.2 (CH, CH 2 , O, N) or 1.5 (CH 3 ) times U eq of the parent atom. 

Computing details 

Data collection: SMART (Bruker, 2000); cell refinement: SAINT (Bruker, 2000); data reduction: SAINT (Bruker, 2000); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); software used to prepare material for publication: 
publCIF (Westrip, 2010). 
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Figure 1 

Molecular structure of the title compound, (I), with displacement ellipsoids drawn at the 50% probability level. Dashed 
lines indicate O — H—N intramolecular hydrogen bonding. 
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Figure 2 

Packing of the title compound, (I),viewed along the aaxis. Dashed lines indicate O — H - N intramolecular hydrogen 
bonds and weak N — H-S intermolecular interactions. Remaining hydrogen atoms have been removed for clarity. 



4-[(5-Bromo-2-hydroxybenzylidene)amino]-3-propyl-1H-1,2,4-triazole- 5(4H)-thione 



Crystal data 

Ci 2 Hi 3 BrN 4 OS 
M r = 341.23 
Triclinic, PI 
Hall symbol: -P 1 
a = 8.042 (5) A 
b= 13.187 (8) A 
c= 13.408 (8) A 
a = 97.406 (9)° 
P = 92.956 (10)° 
7 = 95.916(9)° 
V= 1399.5 (15) A 3 



Z=4 

F(000) = 688 

D x = 1.620 MgnT 3 

Mo ATct radiation, 1 = 0.71073 A 

Cell parameters from 2374 reflections 

(9 = 2.5-23.6° 

^ = 3.08 mm" 1 

T=298 K 

Block, yellow 

0.30 x 0.25 x 0.20 mm 
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Data collection 

Bruker SMART IK CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
Detector resolution: 11.72 pixels mm" 1 
co scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 2000) 
T mm = 0.458, T m = 0.578 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

R[F* > laiF 1 )] = 0.043 

wR(F 2 ) = 0.102 

5=0.93 

4939 reflections 

347 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



14278 measured reflections 
4939 independent reflections 
3061 reflections with/> 2a(T) 
R iBt = 0.055 

#max = 25.0°, 9 m i B = 1.5° 

h = -9^9 
& = -15->15 
/ = -15— 15 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w= \l[a\F 0 2 ) + (0.051 6P) 2 ] 

where P = (F 2 + 2F 2 )/3 
(A/<r) max < 0.001 
Ap max = 0.49 e A" 3 
Ap miD = -0.55 e A~ 3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression ofF 2 > a{F 2 ) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of reflections for refinement, ^-factors based on F 2 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


XI *ITJ 

^iso ' <-^eq 


Brl 


0.38916 (7) 


0.16296 (4) 


0.59088 (4) 


0.06736 (19) 


SI 


0.49656 (16) 


0.40893 (8) 


0.14062 (8) 


0.0530 (3) 


01 


0.1987 (5) 


0.5771 (2) 


0.5179 (2) 


0.0666 (10) 


HI 


0.2089 


0.5860 


0.4590 


0.100* 


Nl 


0.4061 (5) 


0.5891 (3) 


0.0953 (2) 


0.0521 (10) 


H1A 


0.4451 


0.5805 


0.0366 


0.062* 


N2 


0.3314(5) 


0.6750 (3) 


0.1302 (3) 


0.0512(10) 


N3 


0.3366 (4) 


0.5663 (2) 


0.2414 (2) 


0.0378 (8) 


N4 


0.3044 (4) 


0.5369 (2) 


0.3350 (2) 


0.0400 (8) 


CI 


0.4132(5) 


0.5203 (3) 


0.1597 (3) 


0.0389 (10) 


C2 


0.2882 (5) 


0.6584 (3) 


0.2197 (3) 


0.0424(10) 


C3 


0.1971 (6) 


0.7272 (3) 


0.2879 (3) 


0.0462(11) 


H3A 


0.2588 


0.7428 


0.3531 


0.055* 


H3B 


0.0881 


0.6922 


0.2975 


0.055* 


C4 


0.1740 (6) 


0.8271 (3) 


0.2457 (3) 


0.0540(12) 


H4A 


0.2832 


0.8624 


0.2370 


0.065* 
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T T /I D 

H4B 


A 1 1 A 1 

0.1143 


A O 1 1 1 

0.81 1 1 


A 1 TAA 

0.1 /99 


0.065* 


G5 


A ATOf /T\ 

0.0/85 (7) 


A OAOA / A\ 

0.8980 (4) 


0.3133 (4) 


A AO")") /ION 

0.0833 (18) 


H5A 


— U.U316 


A O/^/l *7 

0.864 / 


ATI (\H 

U.319/ 


a nc* 
0. 125* 


H5b 


U.U695 


a C\£(\A 

0.9604 


U.Z844 


a nc* 
0. 125* 


TJ C/ ' 
H5C 


U.1368 


A O 1 a a 
0.V14U 


U.3 /S6 


A HC* 

0. 1Z5* 


Co 


0.3493 (5) 


A /If 1A /") \ 

0.4529 (3) 


A O C A A /O \ 

0.3590 (3) 


A A/IOA /1 1\ 

0.0420 (11) 


Ho 


a a mi 
U.4Uz / 


A A 1 A/1 

U.41U4 


A 1 1 1 1 

U.3131 


U.U50* 


C7 


A 11 01 / C \ 

0.3 1 8 1 (5) 


0.4230 (3) 


A A C £. £. /O \ 

0.4566 (3) 
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0.0368 (10) 


Co 


U.Z45Z (j) 


A AQAA fl^ 

0.4844 (5 ) 
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0.0466 (1 1J 


/"■A 

C9 


0.2203 (6) 
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0.4511 (4) 
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0.6243 (3) 


0.0554 (13) 


t ta 

H9 


0.1734 


A /I AO /" 

0.4926 


0.6743 


A A/" ± 

0.066* 


CIO 


0.264/ (6) 


A 1 C jC/C //I \ 

0.3566 (4) 


A rylTI /O \ 

0.6423 (3) 


0.0562 (13) 


i_ri a 
H10 


A AH C 

0.24 /5 


A IT/11 

0.3341 


U. /043 


A A^T* 
U.06 /* 


Cll 


0.3349 (5) 


A once ci\ 
0.2955 (3) 
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C12 
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A 1 OT 1 / A\ 

0.1831 (4) 


A AO 1 /I ZO\ 

—0.0214 (2) 


A A70 1 ZO\ 
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XT A 
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XTC 

JN5 
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N7 
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N8 
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Atomic displacement parameters (A 2 ) 





U n 


U 22 


LP 3 


U 12 


U n 


IP 


Brl 


0.0834 (4) 


0.0674 (3) 


0.0629 (3) 


0.0222 (3) 


0.0151 (3) 


0.0374 (3) 


SI 


0.0863 (9) 


0.0448 (7) 


0.0363 (6) 


0.0296 (6) 


0.0219(6) 


0.0124 (5) 


01 


0.104 (3) 


0.053 (2) 


0.053 (2) 


0.0347 (19) 


0.038 (2) 


0.0096 (16) 


Nl 


0.081 (3) 


0.045 (2) 


0.039 (2) 


0.027 (2) 


0.028 (2) 


0.0140(17) 


N2 


0.076 (3) 


0.042 (2) 


0.043 (2) 


0.0232 (19) 


0.025 (2) 


0.0148 (17) 


N3 


0.054 (2) 


0.0365 (19) 


0.0274 (18) 


0.0125 (16) 


0.0092 (16) 


0.0128 (14) 


N4 


0.052 (2) 


0.040 (2) 


0.0313 (19) 


0.0078 (17) 


0.0147(17) 


0.0110(15) 


CI 


0.052 (3) 


0.039 (2) 


0.030 (2) 


0.011 (2) 


0.008 (2) 


0.0099 (18) 


C2 


0.048 (3) 


0.043 (2) 


0.040 (2) 


0.011 (2) 


0.010(2) 


0.0129(19) 


C3 


0.057 (3) 


0.039 (2) 


0.049 (3) 


0.018(2) 


0.021 (2) 


0.015 (2) 


C4 


0.072 (3) 


0.045 (3) 


0.051 (3) 


0.019 (2) 


0.018(3) 


0.017 (2) 


C5 


0.115 (5) 


0.056 (3) 


0.097 (4) 


0.045 (3) 


0.057 (4) 


0.028 (3) 


C6 


0.061 (3) 


0.037 (2) 


0.031 (2) 


0.010(2) 


0.016(2) 


0.0079 (18) 


C7 


0.047 (3) 


0.038 (2) 


0.025 (2) 


0.0033 (19) 


0.0080 (19) 


0.0050 (17) 


C8 


0.052 (3) 


0.051 (3) 


0.039 (3) 


0.009 (2) 


0.015 (2) 


0.009 (2) 


C9 


0.074 (4) 


0.061 (3) 


0.034 (3) 


0.013 (3) 


0.023 (2) 


0.003 (2) 


CIO 


0.062 (3) 


0.078 (4) 


0.034 (3) 


0.008 (3) 


0.014 (2) 


0.022 (2) 


Cll 


0.052 (3) 


0.049 (3) 


0.040 (2) 


0.004 (2) 


0.009 (2) 


0.020 (2) 


C12 


0.060 (3) 


0.043 (2) 


0.032 (2) 


0.009 (2) 


0.009 (2) 


0.0082 (19) 


Br2 


0.0799 (4) 


0.0558 (3) 


0.0581 (3) 


0.0235 (3) 


0.0309 (3) 


-0.0026 (2) 


S2 


0.0755 (9) 


0.0429 (6) 


0.0419(6) 


0.0249 (6) 


0.0211 (6) 


0.0133 (5) 


02 


0.085 (2) 


0.0426 (17) 


0.0434(18) 


0.0200(17) 


0.0240(17) 


0.0158(14) 


N6 


0.068 (3) 


0.049 (2) 


0.037 (2) 


0.0223 (19) 


0.0166(19) 


0.0066(17) 


N5 


0.083 (3) 


0.039 (2) 


0.041 (2) 


0.0294 (19) 


0.023 (2) 


0.0109(16) 


N7 


0.051 (2) 


0.0321 (18) 


0.0332 (18) 


0.0170(16) 


0.0127(16) 


0.0046 (14) 


N8 


0.051 (2) 


0.0298 (18) 


0.0369(19) 


0.0156(16) 


0.0104(17) 


0.0020 (14) 


C13 


0.055 (3) 


0.034 (2) 


0.038 (2) 


0.015 (2) 


0.007 (2) 


0.0039 (18) 


C14 


0.049 (3) 


0.041 (3) 


0.036 (2) 


0.013 (2) 


0.013 (2) 


0.0047 (19) 


C15 


0.055 (3) 


0.044 (2) 


0.037 (2) 


0.015 (2) 


0.010(2) 


0.0093 (19) 


C16 


0.063 (3) 


0.053 (3) 


0.034 (2) 


0.015 (2) 


0.014 (2) 


0.002 (2) 


C17 


0.097 (4) 


0.076 (4) 


0.042 (3) 


0.023 (3) 


0.015 (3) 


0.019(3) 


C18 


0.055 (3) 


0.036 (2) 


0.037 (2) 


0.014 (2) 


0.014(2) 


0.0087 (18) 


C19 


0.044 (3) 


0.031 (2) 


0.037 (2) 


0.0097 (19) 


0.005 (2) 


0.0057 (18) 


C20 


0.046 (3) 


0.036 (2) 


0.039 (2) 


0.010(2) 


0.006 (2) 


0.0096 (19) 


C21 


0.067 (3) 


0.030 (2) 


0.055 (3) 


0.010 (2) 


0.004 (3) 


0.013 (2) 


C22 


0.060 (3) 


0.037 (2) 


0.053 (3) 


0.021 (2) 


0.007 (2) 


0.001 (2) 


C23 


0.047 (3) 


0.042 (2) 


0.041 (2) 


0.013 (2) 


0.013 (2) 


0.0011 (19) 


C24 


0.055 (3) 


0.039 (2) 


0.039 (2) 


0.017 (2) 


0.014 (2) 


0.0085 (19) 



Geometric parameters (A, ") 



Brl— Cll 1.902(4) Br2— C23 1.900(4) 

SI— CI 1.673 (4) S2— C13 1.675 (4) 

01— C8 1.348 (5) 02— C20 1.351 (4) 

01— HI 0.8200 02— H2 0.8200 

Nl— CI 1.334 (5) N6— C14 1.297 (5) 

Nl— N2 1.377 (4) N6— N5 1.371(4) 
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Nl— H1A 
N2— C2 
N3— C2 
N3— CI 
N3— N4 
N4— C6 
C2— C3 
C3— C4 
C3 — H3A 
C3— H3B 
C4— C5 
C4 — H4A 
C4— H4B 
C5 — H5A 
C5— H5B 
C5— H5C 
C6— C7 
C6— H6 
C7— C12 
C7— C8 
C8— C9 
C9— CIO 
C9— H9 
CIO— Cll 
CIO— H10 
Cll— C12 
C12— H12 



0.8600 
1.304 (5) 
1.375 (5) 
1.385 (5) 
1.390 (4) 
1.274 (5) 
1.479 (5) 
1.524 (5) 
0.9700 
0.9700 
1.512(6) 
0.9700 
0.9700 
0.9600 
0.9600 
0.9600 
1.442 (5) 
0.9300 
1.394 (5) 
1.404 (5) 
1.381 (5) 
1.378 (6) 
0.9300 
1.380 (6) 
0.9300 
1.366 (5) 
0.9300 



N5— C13 
N5— H5 
N7— C13 
N7— N8 
N7— C14 
N8— C18 
C14— C15 
C15— C16 
CI 5— H15A 
CI 5— H15B 
C16— C17 
C16— H16A 
C16— H16B 
C17— H17A 
C17— H17B 
C17— H17C 
C18— C19 
C18— H18 
CI 9— C20 
CI 9— C24 
C20— C21 
C21— C22 
C21— H21 
C22— C23 
C22— H22 
C23— C24 
C24— H24 



1.330(5) 
0.8600 
1.381 (5) 
1.384 (4) 

1.391 (5) 
1.274(4) 
1.470 (5) 
1.527 (5) 
0.9700 
0.9700 
1.500 (6) 
0.9700 
0.9700 
0.9600 
0.9600 
0.9600 
1.450 (5) 
0.9300 
1.395 (5) 
1.398 (5) 

1.392 (5) 
1.374 (6) 
0.9300 
1.383 (6) 
0.9300 
1.363 (5) 
0.9300 



C8— 01— HI 
CI— Nl— N2 
CI— Nl— H1A 
N2— Nl— H1A 
C2— N2— Nl 
C2— N3— CI 
C2— N3— N4 
CI— N3— N4 
C6— N4— N3 
Nl— CI— N3 
Nl— CI— SI 
N3— CI— SI 
N2— C2— N3 
N2— C2— C3 
N3— C2— C3 
C2— C3— C4 
C2— C3— H3A 
C4— C3— H3A 
C2— C3— H3B 
C4— C3— H3B 
H3A— C3— H3B 



109.5 
114.6(3) 
122.7 
122.7 

104.0 (3) 

109.1 (3) 
118.4 (3) 
132.6(3) 
120.6 (3) 
102.0 (3) 

126.4 (3) 

131.5 (3) 
110.3 (3) 

125.3 (4) 

124.4 (3) 
111.6(3) 
109.3 
109.3 
109.3 
109.3 
108.0 



C20— 02— H2 
CI 4— N6— N5 
CI 3— N5— N6 
CI 3— N5— H5 
N6— N5— H5 
CI 3— N7— N8 
CI 3— N7— C14 
N8— N7— C14 
CI 8— N8— N7 
N5— CI 3— N7 
N5— CI 3— S2 
N7— CI 3— S2 
N6— CI 4— N7 
N6— CI 4— CI 5 
N7— CI 4— CI 5 
C14— C15— C16 
C14— C15— H15A 
C16— C15— H15A 
C14— C15— H15B 
CI 6— CI 5— H15B 
HI 5 A— CI 5— H15B 



109.5 
104.5 (3) 
114.8(3) 
122.6 
122.6 

133.1 (3) 
108.8(3) 
118.0(3) 

121.2 (3) 

102.2 (3) 
126.8 (3) 
131.0(3) 
109.7 (3) 
125.9(3) 

124.3 (3) 
112.5 (3) 
109.1 
109.1 
109.1 
109.1 
107.8 
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pi C P A /no 

C5 — C4 — C3 


112.6 (3) 


/~i 1 T p< -1 p p i c 

C17 — C16 — C15 


111.8 (3) 


f • r pi A T T A A 

C5 — C4 — H4A 


109.1 


/"i 1 1 P 1 P TT1 /■ A 

Cl7 — C16 — H16A 


109.3 


p • ~> p -I TT /I A 

C3 — C4 — H4A 


109.1 


/"Mf p-> 1 ^ TT1 /" A 

C15 — C16 — H16A 


1 aa "> 

109.3 


C5 — C4 — H4B 


109.1 


/~i 1 i~i /-< 1 r TT1 £T1 

C17 — Clo — HloB 


1 AA "> 

109.3 


C 3 — C4 — H4B 


1 An 1 

109.1 


C15 — Clo — HloB 


1 AA 1 

109.3 


T T /I A Z" 1 /l tt /in 

H4A — C4 — H4B 


107.8 


TT1 /" A /"i 1 /" T T 1 / I~"> 

H16A — Clo — HloB 


107.9 


p A P f TTf A 

C4 — C5 — H5A 


1 AA f 

109.5 


f < 1 / p i -7 TT1TA 

Clo — Cl7 — H17A 


1 AA f 

109.5 


f ' 4 PC TTf T) 

C4 — C5 — H5B 


1 ah f 

109.5 


C ' 1 p PIT TT1 Tn 

Clo — C17 — HI 7b 


1 AA f 

109.5 


TTf A /"* C TTf T) 

H5A — C5 — H5B 


1 An f 

109.5 


TT1 1 A pn TT1 in 

H17A — C17 — H17B 


1 AA C 

109.5 


p j f^r TTf 

C4 — C5 — H5C 


109.5 


/"i 1 /" /" ' -1 *7 T T 1 "7 P 

C16 — C17 — H17C 


109.5 


TTf A f TTf r 1 

H5A — C5 — H5C 


1 An f 

109.5 


TT1TA pn TT1 TP 

H17A — C17 — H17C 


1 AA f 

109.5 


TTf n /^f TTf r 1 

H5b — C5 — H5C 


1 An f 

109.5 


TT1TT) pn T T 1 T/"* 

H17B — C17 — H17C 


1 AA f 

109.5 


JN4 — Co — C / 


1 O A T //I \ 

120. / (4) 


xto n o pin 
JN8 — Clo — C19 


1 1 A H {1\ 

119. / (3) 


XT/i /- ^ /■ ttz: 

N4 — Co — H6 


1 1 A "7 

119.7 


XTO PIO TT1 O 

N8 — CI 8 — HI 8 


1 OA 1 

120.1 


p -7 /-(/" TT/" 

C7 — Co — H6 


119.7 


p 1 pi p -if) T T 1 O 

Cl9 — C18 — H18 


120.1 


p i o PT P O 

C12 — C7 — C8 


1 1 O 1 / A\ 

118.3 (4) 


(~ ' "\ t \ P1A p ^ /I 

C20 — C 1 9 — C24 


1 1 O T \ 

118.3 (3) 


C12 — C / — Co 


1 1 O T / 1 \ 

118.2 (3) 


f "~\t\ pin pio 

CzO — C 1 9 — C 1 8 


1 TT O /T\ 

lzz.8 (3J 


/-in /-in f ' f 

Co — C7 — C6 


1 ^1 f / A \ 

123.5 (4) 


p /i pin p 1 o 

C24 — C19 — C18 


1 1 o n /i \ 

118.9 (3) 


x 1 /— i o /— ir\ 

Ol — C8 — C9 


ll 8.0 (4) 


02 — C20 — C21 


117.4 (3) 


Ol — Co — C7 


111 O /A \ 

121.8 (4) 


/ \ /"■•-> P> pi A 

02 — C20 — C19 


1 TT /I i">\ 

122.4 (3) 


C9 — Co — C7 


1 O A O / A\ 

120.3 (4) 


po i pta pin 

C2 1 — C20 — C 1 9 


1 T A T / A \ 

120.2 (4) 


pi A PA /"in 

CIO — C9 — Co 


1 T A T / A \ 

120.2 (4) 


pi^l C -\ 1 P1A 

C22 — C2 1 — C20 


1 T A T / A \ 

120.2 (4) 


P1 pv PA TTA 

CIO — C9 — H9 


119.9 


/—ITT p ■< -\ 1 TTT1 

C22 — C2 1 — H2 1 


119.9 


/"i o Pn TTPt 

Co — C9 — H9 


1 1 n n 

119.9 


p^n pn TTT 1 

C20 — C2 1 — H2 1 


1 1 A A 

119.9 


C9 — CIO — Cll 


1 1 A T / A\ 

119.7 (4) 


P11 poo pt) 

Czl — C22 — Cz3 


1 1 A O / A\ 

119.8 (4) 


p • r\ p 1 f\ TT1 A 

C9 — CIO — H10 


120.1 


p i~\ i PTT TTTT 

C2 1 — C22 — H22 


120.1 


Cll — CIO — H10 


120.1 


C23 — C22 — H22 


120.1 


C12— Cll— CIO 


120.7 (4) 


C24— C23— C22 


120.6 (4) 


C12— Cll— Brl 


119.3 (3) 


C24— C23— Br2 


120.0 (3) 


p 1 r\ p i i r-> i 

CIO — Cll — Brl 


1 T A A \ 

120.0 (3) 


/"ITT p ■< -\ 1 Ti 1 

C22 — C23 — Br2 


119.4 (3) 


pi i pn p -7 

Cll — C12 — C7 


1 OA T / A \ 

120.7 (4) 


PT) PT A pin 

C23 — C24 — C 1 9 


1 T A A / A \ 

120.9 (4) 


pi 1 p | -) TT1 1 

Cll — Clz — H12 


119.6 


p 1 o po /I TTT/1 

C23 — C24 — H24 


1 in / 

119.6 


p "7 pn T_r i t 

C / — C 1 z — H 1 2 


1 1 A C 

liy.o 


Pin pt /I T_TT A 

C 1 9 — Cz4 — Hz4 


i in / 

ny.o 


p 1 XT 1 XTT /"''T 

CI — JN 1 — JN2 — Cz 


A O /f \ 

-0.8 (5) 


p i /i xt/" xTf pn 

C 1 4 — N 6 — N 5 — C 1 3 


A T ( C \ 

-0.2 (5) 


p XT') XT/1 p P 

Cz — N3 — JN4 — Co 


1 TO A ( A \ 

-178.9 (4) 


p 1 o XTT XTO PIO 

C 1 3 — N 7 — N 8 — C 1 8 


6.2 (6) 


f ' 1 XT1 XT A f ' £L 

C 1 — JN J — JN 4 — C o 


A f ( £\ 
V.D (Oj 


^1/1 XTT XTO n o 

C 1 4 — JN / — JN 8 — C 1 8 


1 H £L 1 C A 
1 /O. 1 (4 


XTT XT1 p 1 XT'} 

Nz — JN 1 — CI — N3 


A O /f \ 

0.2 (5) 


XT/C XTf pi 1 XTT 

IN 6 — JN 5 — C 1 3 — IN 7 


A T /f \ 

0.2 (5) 


XTT XT1 p 1 ni 

N2 — Nl — CI — SI 


-179.6 (3) 


XTZl! XTf p 1 "> CT 

No — N5 — C13 — S2 


1 TO 1 /") 

-178.1 (3 


/^O XTO i~< 1 XT 1 

C2 — N3 — CI — Nl 


A f / /I \ 

0.5 (4) 


XTO XTT pn XTf 

N 8 — N 7 — C 1 3 — N 5 


1 T t A \ 
ill .1 (4) 


XT/I XT'? p" 1 XT1 

JN 4 — JN 3 — C 1 — N 1 


1 TO A i A\ 

-178.9 (4) 


/"M/1 XTT pn XTf 

C14 — JN7 — C13 — JN5 


A 1 / A\ 

-0.1 (4) 


P~1 XT') p -1 O 1 

C2 — N3 — CI — SI 


1 TA O \ 

-179.8 (3) 


XTO XTT p 1 o CT 

N8 — N7 — C13 — S2 


-4.1 (7) 


XT A XT'? 1 C 1 

N 4 — N 3 — C 1 — SI 


A O SH\ 

0.8 (7) 


/~> 1 a xtt rn 

C 1 4 — N 7 — C 13 — S2 


1 TO 1 A 

178.1 (3) 


XT1 XTO /"""> XTO 

JN 1 — N2 — C2 — JN J 


1 1 /f \ 

1.1 (5) 


XTC XT£ t~* ^ A XTT 

N5 — No — C14 — N / 


A A /C\ 

0.0 (5) 


Nl— N2— C2— C3 


-177.7 (4) 


N5— N6— C14— C15 


179.8 (4) 


CI— N3— C2— N2 


-1.0(5) 


CI 3— N7— CI 4— N6 


0.1 (5) 


N4— N3— C2— N2 


178.5 (3) 


N8— N7— CI 4— N6 


-178.2 (3 


CI— N3— C2— C3 


177.8 (4) 


CI 3— N7— CI 4— C15 


-179.7 (4 


N4— N3— C2— C3 


-2.7 (6) 


N8— N7— CI 4— C15 


2.1 (6) 
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N 2 — C2 — C3 — L4 


-5.9 (6) 




XTzT f ' 1 A PIC P 1 C_ 

N 6 — L 1 4 — C 1 5 — L 1 6 




2.6 (6) 


XT'} /"""I /"< ") /" • A 

N3 — C2 — C3 — C4 


175.5 (4) 




xn PI a r p i /-_ 

N7 — C14 — CI 5 — C16 




-177.8 (4) 


pi p a PC 

C2 — C3 — C4 — C5 


179.0 (4) 




/~~< 1 a nic p 1 z: rin 

C14 — CI 5 — C16 — C17 




1 TO O 

-178.8 (4) 


XT'? TVT/1 P^: P^ 

N3 — N4 — Co — C7 


179.1 (4) 




XTH TvTO P 1 O pin 

N7 — N8 — C18 — C19 




1 TO ^ /T\ 

-178.2 (3) 


XT/1 /"^ /" PT riii 

N 4 — C o — L 7 — C 1 2 


1 nn i / a \ 

177.3 (4) 




XTO P 1 O P1A POA 

N 8 — C 1 8 — C 1 9 — C20 




1.4 (6) 


N4 — Co — C7 — C8 


-3.0 (7) 




xto pi o p i n p ^» /i 

N 8 — C 1 8 — C 1 9 — C24 




1 A i A\ 

-179.0 (4) 


pii pn po p.1 

C 1 2 — C7 — C8 — O 1 


179.8 (4) 




p^> a r~ I A p^a po 

C24 — C 1 9 — C20 — 02 




1 A / A\ 

179.4 (4) 


L 6 — C 7 — C 8 — 0 1 


a a fn\ 

0.0 (7) 




pio f ' \ (\ t\ P.1 

C 1 8 — C 1 9 — C20 — 02 




0.3 (oj 


C 1 2 — C / — Co — C9 






pi«i nn pin poi 
C24 — C 1 9 — C20 — C2 1 




a n 

0.7 (6) 


C 6 — C 7 — C 8 — C 9 


1 *7A C / A\ 

—179.5 (4) 




PIO P1A POA PI 1 

C 1 8 — C 1 9 — C20 — C2 1 




1 n a *7 / \ 

-179.7 (4) 


p. 1 po n pin 

oi — C8 — C9 — cio 


nn r t a \ 

179.6 (4) 




p.1 pia p 1 1 pn 

02 — C20 — C21 — C22 




1 ta z: //IS 

179.6 (4) 


C7 — C8 — C9 — C 1 0 


-0.9 (7) 




P 1 A P^ A P^ 1 /- --\ 

C19 — C20 — C21 — C22 




-0.4 (7) 


p o r^n pi a ni i 

C8 — C9 — C 1 0 — C 1 1 


a i sn\ 

0.3 (7) 




p ^> A p <-> i p -> -> p -\ 

LzU — Lz 1 — Czz — Cz3 




a i /n\ 

0.2 (7) 




1 n 




co 1 r 1 ?? r?^ 






C9— CIO— Cll— Brl 


-177.8(4) 




C21— C22— C23— Br2 




-179.6(3) 


CIO— Cll— C12— C7 


-1.6(7) 




C22— C23— C24— C19 




0.6 (7) 


Brl— Cll— C12— C7 


177.1 (3) 




Br2— C23— C24— C19 




179.9 (3) 


C8— C7— CI 2— Cll 


1.0(6) 




C20— CI 9— C24— C23 




-0.8 (6) 


C6— C7— CI 2— Cll 


-179.3 (4) 




CI 8— CI 9— C24— C23 




179.5 (4) 


Hydrogen-bond geometry (A, °) 


D — H—A 




D — H 


U-A 


D-A 


D — H—A 


01— H1-N4 




0.82 


1.93 


2.644 (4) 


145 


02— H2-N8 




0.82 


1.90 


2.612 (4) 


144 


NI— HU-S1 1 




0.86 


2.46 


3.300 (4) 


164 


N5— H5-S2" 




0.86 


2.41 


3.252 (4) 


165 



Symmetry codes: (i) -x+l, -y+i, -z\ (ii) -x, -y+l, -z. 
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